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FORWARD '

Jbe constltutes the first full-length report on

prorreess made toward obtalning a microbial preparation

capat teo of destre Ynp aldrin and dieldrin waste residues

s e aas RS PRRRAONS

o sannher compativle with operating force policieos on
coliution reduction,  Tasked with this responsibility by *

Procean Plrector for Naval Blology approximately 1.5
vergrs et LU wWos necessary to phase out one line of in-
vestiyation wnile phasing In the new assipnment. The period
- oadfustment was necessarily lengthy.

S.nee our laboratory was primarily set up for metnaboelic

oy

eod pavsicleocice investipations of marine fungi, it was normal
Lo nclude certaln specles of these 1In our screening for
recticlde depradati-re activity., In addition, however, pro-
visicon tor other microorganisms, especlally bacteria, was
1150 made in the screening protocol. The emphasis continued
to be on aguatic types. Since there was little in *the
titerature concerning our particular interest, isolation and

sereening work bepran at the lowest level., A whole series
- Lechniques new to thls laboratory were incorporated from
the llterature or devised. Much of the following 1s concerned

with thls period of expertise development and initial results

e

RS
Wl

hovarious microtilora. It is anticipated that work now

'n propgress will add preatly to the substance of our initial

experliences,

i1
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HISTORICAL INTRODUCTION

lncreaslry concern over the accumulation of organo-
chilorine pesticldes in soil and water, and the potential

harnfil ¢ffe~te chereof, has resulted recently in banning

most uses ci 11 throughout the United States (Gillette,
197z, ther closely related pesticides, although not

banred convletely, have been restricted extensively. One

of the z2rgumentc used in the document banning DDT was the

«

procatls carcirosenic effect of the toxican. There is no
conviicis - evidince to date that either DDT, or its related
organoci.lorin. pesticides, cause canczr. In fact, there i:z
no facto ozl contention that current levels of pesticides
in surlazoe water or foods present an acute toxicity hazard
to ran (Zaven, 1970). Yet, increascd urinary excretion
of L-glucaric =2cid - a well-recognized hepatic microsomal
i ity indicator - has been reported in men engaged
1n the manufacture of endrin (Hunter et al., 1972). This
may point to a neoplastic effect of long term exposure.
According to Matsumura (1972), an estimated 10 billion
pcunds of pesticides have been used in the United States
sirce 1247, Thether man eventually will be physicially
narmed by the accumulation and recycling of pesticices
remaire trne subject of much controversy. HMuch less dis-
agrecme: L exlsts with respect to the effect on nontarget
orgur.icne inxnoryant in food chain sequences. The detri-
mental effects of long-term, low-level cenvivonmental ex-

pocure, parviculariy in primary producers, such as

l



phrtoplankton {(Ware and kRoan, 1970), continue to place
caoreerm rot on the future use of pesticides, but on the
irnteraction tnat may result with environmentally p=rsistent
cheriicals aiready arvl.ed. Reports, such as thos: on the
rassive Mississippi fish ki1l [Biglane, 19€4), Clear Lake
(Rudd, 19C¢4), and the Richdale-Colusa study (Cottam, 1965),

have grired national attention and brought into the public

arena the controversial cause celebre of Rachel Carson's

Cilent Coring (19€2)

h o

Among the chlorinated hydrocarbon pesticides, tne
cyclandicres aldrin ard dieldrin (Fig. 1) have found extensive
use ir. rerlecirg TLT, particularly where target organisms
nave beconme resis*ant. J'Irien (1967) has indicated that
these chemicals act as neurotoxicans with a2 mode of action
si: ilar to, tut slower than DDT. Perhaps the most distingui-

shing gereral characteristic of organochlorine pesticides
is their percsistence in the environment. Edwards (1965)
Fives a 357 persistence rating for aldrin of 1-6 yr, with
ar. average of 3 yr, while dieldrin persists for 5-25 yr
witn an average of 8 yr. Monitorirg data in the U.S. show
that L[0T, its conversion products DDD and DDE, and dieldiin
are th.. most highly concentrated and commonly found organo-
chlorine pesticides {EZdwards, 197C). MNost studies have
srhovrn. also that bottom sediments of water systems act as
the largest reservoir of organochlorine pesticides
(Zichtcne*tein et al., 1966). On the other nand, use of
ultra-low vrlume soraying methods have contributed grestlsy

to the broad disversion of these chemicals by wind. Dust,

N
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FIG. 1. Pluanar configurations of (a) aldrin
and (b) dieldrin.
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ccllected by Risetorough (1968) over Barbados, contained
approximately 41 ppb of pesticide which could have indicated
a deposit of <"C 1b/yr on that area of the Atlantiec Ocean
between the egyaator and 30o North, as a result of rainfall.
Bilocorcenzration, or pesticide residue accumnulated
by an organls:n by adsorption and by absorption via oral
or other route of entry (Kenaga, 1972), seems to play a
major rele in the environmental persistence of these
pesticides. ~Llaer factors influencing persistence are
volatilizaticn, photodecomposition, chemical decomposition,
ro-diegtlillation, and microblal attack. 1llone, however, has
stirred so much controverc, as microblal Jdecomposition.
Tr.e "infallixilit; principle'" cf Gale (1952), first
questioned by Alexander (1965), has gained new attention in
a recent review ty Horvath (1972). Ke concluded that
fallure to derorstrate biodegradation ¢f so-¢alled
"recalcitrant” molecules 1s perhaps more a consequence of
ruman techr:0logical inadequacy tran of microbial inability.
In spite of this, considerable information has been
obtained regarding interaction of organochlorine pesticides
wlth soil microorganisms and, to a lesser degrec, aquatic
types.
As early as 165U, [letcher and Bollen exariired tinree
Oregon soils and six soll classes, with aldrin applied at
a concentrution of 1080 and 2000 ug/ml. Aldrin appecared

to stimulatce bacterial populations with the exception of

streptomnryces. Fungsl appeared unaffected. The toxicity of
LL7T, chlordarc, .4iC, dieldrin, aldrin, and endrin for soil
4




microovgarisms was examined by Jones (1956) who found that
none of these comopcunds was excesslively inhibitory to
ammonifying forrs,. Dieldrin and aldrin, however, were among
the most toxic compounds and Inhibited nitrifylng micro-
organicmc at concentrations of 0.1%. Eno and Everret (1958),
utilizing ten two-gallon glazed pots filled with sand, at

pH 6.65, and ten pesticides, including aldrin and dieldrin,
concluizd that apprlication of as much as 200 1b/acre of

most pescticides caused little or no damage To the ten
microbtlal vepulations. They relied upon measurenments of

CO, evolutlon and total numbers of fungi and bacteria. The
data evon sugegested that microorganismes may be stimulated

by the additlion of such compounds. In another stucdy,

Martin {1229) corcluded that aldrin, chlordane, DDT, dieldrin,
endrin, heptaci:lor, lindane, and toxaphene exerted no
measuratle effect on the numbe: of soll bacteria and fungi,
on kinds of so’l fungl developing, or on the ability of the
vonulation to verform the normal functions of organic
matter decomposition and ammoria oxidation. The reports of
Collirnz (19€62) and “enzlols (1970) concerning the effects

of DDT, dieldrin and neptasn’or on the growth of selected
bacteria showed that dieldrin had no effect on the grewth

of the orzaniscms. Lichtenctein and coworkers (19€6)

notice? that aldrin was broken dovr rapidly in active lake
and pond scdiments, but not in autoclaved or sodium azide-
treated mad-water cystems.

The major concern in aquatle environrments has centered

on the interaction of nesticldes with pnytornlankton.

5
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Cairns (1962) reported that the diatem Wavicula seminulum

was able to survive at a concentraticon of dieldrin con-
siderably greater than that reported as narming fish and
aquatic invertebrates. Wurster (1968), however, concluded
that as little as a few »pb of DDT in water reduced photo-
synthesis in laboratory cultures of four species of coastal
tnd oceanic chytoplanxton representing four major clasces
of algae. Also, toxicity to diators irncreased as cell
concentration decreased. Photosynthecsis and growth of four
marine phytorlarnnton species, 1solated from different
dceanic cnvironments, were investigated by llenzel, Andercon.
and Fandtxe {197C) and reported to be affected variouszly

by C¢.1-12 orb of DDT, dieldrin, and endrin. Dierksheidc
and Pfister (Dlerksneide, personal communicatiorn) studied
2eogical and physiological regsponscs of two bLliue-
freen tacteria to aldrin and dieldrin. Growth of Anacystics
nldulane was innivited irnitially by aldrin and dieldrin.

On continu=2d incubation, howsver, the organism recoveresd.
Oxycen production was inhibited only by dieldrin after a
delay of 24 hr. Aldrin and dieldrin appeared to act
thrcugn different mechanismes of inhibition in A. nidulans.
Aldrin inhibited the amount of chlorornyll synthesized;
diclarin surpressed pholosynthetic activity in an unknowm
manncr., Cell nunbers werc reduced by single or daily

accditions of dieldrin to cultures of ilicrceccrntis aeruincean

=
el
1
ot

icides vwerc concentrated by both orsarisms but, at the
levreles ¢nployjed, 1t wae 1mpossible to identify the sites

of inhib. tlor with the €lcctron microscore
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Batterton, Boush, and Matsumura (1971) found that metabolic
products of aldrin, dleldrin, and endrin could te as
inhibitory to aigal growth as the parent compounds.

Scll and sludge microorganisms on the other hand,
have been soughit more actively for biodegradation activity.
Chacko and Lockwood (1967) demonstrated the accumulaticn
of dieldrin by a number of fungi and bacterla. Hill and
McCarthy (1967) found that aldriﬁ, among other organo-
chlorine pesticides, was degraded rapidly in sewage sludge
under anaerobtic conditions. Dieldrirn was also degraded,
but much more slowly. Tu, lMiles, and Harris (1968)
studled the action of scil microorganisms on aldrin and

heptachlor and reported that, in most cases, conversion of

aldrin to dieldrin, and heptachlor to heptachlor epoxide

occurred. Wedcmeyer (1968) showed that the ubiquitous

bacterium Enterobacter zerogenes (Aerobacter aerogenes)

converts dieldrin to 6,7-trans-dehydroxydihydro aldrin.
Matsumura and co-workers (1967, 1968, 1971) isolated from

pesticide-enriched soil a number of microorganisme that

degraded dieldrin and endrin. This group, at the University

of Wisconsin, reported that the fungus Trichoderina koningi

1s capable of degrading one or more of the carbons on the
chlorinated ring of the dieldrin molecule to COz (Bixby
et al., 1971).

Some of the organisms used in studies involving
chlorinated hiydrocarborn pesticides were isolated from
industrial efflucats (Pourguin et al., 1972), ponds, lakes,

and natural streams. However,

Intersctinn with autochthono.s
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marine microorganisms in particular, and the fate of these

pesticides in aquatic environments in general, has received

very little attention.

It was the purpose of this investigation to establish
nethods for the study of interactions between the cyclodiene

organochlourire pesticides, aldrin and dieldrin, and micro-

organisns isolated from aquatic environments, as well as
autochthonous marine microorganisms presently held in
stock: and to assess the capabllities of these isolates

for zltering the concentration of these pesticides in

liquid media either by accwnulation or transformation.
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MATERIALS AND METHODS

Reagents. All organic solvents used 1n the extraction
of pesticides were Nanograde (Mallinckrodt Co.), Pesti-
cidequality (Matheson, Coleman & Bell Co.), or redistilled
in a glass apparatus and dried over anhydrous NagSOy.
Analytical reagent grade chemlicals were employed for the
vreparation of synthetic medla and other solutions.
Analytical aldrin,l,2,3,10,10-hexachloro-1,4,4a,5,8,8a-
hexahydro-1,4-endo-exo0-5,8~dimethancnapnthalene, (HHDN )
99.5%, and dieldrin, 1,2,3,4,10,10-hexachloro-C,7,epoxy-
1,4,4,5,6,7,8,8a-cctehydro-1,4-endo~exo-5,8-dimethanoc-
naphthalene, (HEOD) 99.5%, were generously provided by
Shell Chemical Co., Agricultural Chemicals Division.
nighiy ourified, gas-liquid and thin-layer chromatograpnhy
enalyzed aldrin, dieldrin, and lindane (1,2,3,4,5,6-hexe-~
chlorocyciohexane) were obtained from the Pesticide
Reposivory (Envirenmentel Protecticn Agency), pPerrine,
Florlda. Technical aldrin and dieldrin, as well as

: !
uniformly chlorinated ring-labeled 1‘C-za.].drin (99.65 pure,

specific activity 2.42 mCi/mmole) and 1h

C~dieldrin (92.67
pure, specific actlvity 2.6 mCi/mmole) were also cupplied
by &£hell Chemical Co. Florisil, 60/100 mesh factory-
activated at 600 C, was obtained from Fisher Scientific
Co. and %ept at 130 C. Delonized water (DW), obtainen

from a Barnstead Demineralizer (standard cartridge), was

used throuwrhout theose studles. Artificial sca water

(AZY) was prepared according to Lymon and Fleming {3940).




Unless otherwlse stated, the pH of mcdia and other
solutions was adjusted with elther € N HC1 or 10 I KOIl;
autoclaving was done for 15 min at 15 psiy ccll nomogenates
were obtained by blending in Waring stainless steel semi-

nicro contalners; all analytical results represent

averagcs
of duvlicate or triplicate determinations.
Meld Stations, Sultable stations 'or the collectlon

of water and sediment and for Implanting isolation systoms

were chosen from the surrounding arca and

nmoniltored for

rhyslcal and chemical parameters. Teoemperature wns reocordedd

with a callbratced thormormeter., falindty was meagsured by

comnaring the aepecific gravity obtalnced with a hydrometicer

to a previously rrorparcd standard curve.,  Oxyren content

. . .
waz cstimnied

Pwith a modified micro-wWiniler method (Clark,
19.¢) oia il readings were obtainced, in the laboratory,

with a stoandardlzed Poeclkman Zeromat 80-3 phi-meter,  Surface

water samiloc

..... tlee, for analysie of residual aldrein and dieldrin,

vere colleetod in wlde-mouth, 1900-ml, screw-cnp Sluasc

bettles (8.5 by Z1l em) and stored at 4 € until extracted

(1= menthe).  Except for station 8P, all samples wore

obitalned Mrom locatlions in Broward or Palm e, mh Countler,

Florida, Station &F ceonslsted of two sediment cores (cua,

v, one curface water sample {(ca. S0 oml), and a mixcd

[a s BAFNN

cedinent-rurface water sample (ca. 506 ml) reccived from
Dry Herold Po o Vind of the Naval Clvil ingincerins Laloratores,

Fort Huaene , Onlifomida. These samples were obtadined 1-3 Jom
. . P -~ N -
Trom ohore dn U000 m of water, 1.0 km r'rom the ond of the

Ll ocens outinll from the Winltes Tolint Jowere Plant of

10
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the County of Los Angeles. The amount of sample received
in the mnil, without refrigeration, was sufficient only for
microtial i1solation.

Isolation systems., Three 1lsolation systems were

employed.,
System A: Surface water samples were collected according
to the methods described in Standard lMethods for the
Examination of Water, Sewage, and Industrial Wastes
(AFHA, 1971) using sterile, wide-mouth, 500-ml, screw-
cap glass bottles (6.5 by 13 cm). Sediments from the
same arcas were collected with a sampling device des-

3

50-ml

=

erived by Barkley (1971) (Fig. 2). The cores, 5 by
cm (ca. 900 g) were extruded into, wide-mouth, ©
screvw-cap glass bottles (7 by 16 cm). Four surface

water and two sediment cores werc obtained from cach

locale and rapidly brought to the leboratory. The samples
were processcd for isolation of microcrganisms immediatel:.
Systcm P: This system, suggested by C. M. Tu, Research
Institute, Canada Devartment of Agriculture (personal
communication), consisted of a 40-liter Pyrex carboy

(Fig. 3) filled with approximately 10 kg of sediment

and 10 liters of surface water. The amount of sediment

and surfacc water was approximated from the nmuasher of

cores cr water samples added. The carboy was trourht

to the laboratory and 1lncubated at 25 C, in fluorecscont
light, °on a rotary shaker (New Bruanswick, Model G33) at

GO rpm. ‘Wecchnical rrade a’drin and dicldrin in ethanolic

colution, econtainings 30 wg/ml aldrin zed 25 me/ml dieldrin,

11




;_ ';\ / Q,).:".: | ' (

FIG. 2. Sediment sample collector assembled
with coring terminus as employed for Systen A.
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FIG. 3. Laboratory ecosystem of the type used ’
'l in System B. The 40-liter carboy contained approxi-
: mately 10 kg of sediment and 10 liters of surface g
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werc adued 1In 5 ppm increments, at 5 day intervals, until
the concentration of each pesticide reached approximately
20 ppm (20 days). One month following the final addition
of pesticldes, the carboy was sampled using a 1 by 60

cm sterile glass tube. Several cores (ca. 10 ml) .ere
remcved at each samnling period and pooled into sterile,
wide-mouth, 100-ml, screw-cap glass bottles (I by 9 cm).
The contents of the bottles, representing a uniform
vertical core of the system (water end sediment), were
processed for microbial isolation. One carboy was in-
cubated for 4 months and sampled at 20, 41, 69, and 97
days. The samrles obtalned were inactivated with ¢.5 ml
of 20% trichloroacetic acid (TCA; and stored at U4 C for
pesticliac analysis, lMacroscoplic and microscopic ob-
servaticns of predcminant microflora were made at each
samprling time.

System C: A modification of the screened cages used by
Vind (1871), this system consisted of canisters made

from € by 22 cm polyvinylchloride (PVC) pipe with male
and female adapters at each end (Fig. 4). The canisters
were perforatcd with 36 holes, 0.3 cm in diamcter, 2 cm

2
apart. Xach canister contalned twelve 0.5 by & inch
balsa wood strips impregnated with technical aldrin and
dieldrin. The strips were immersed overnight in a 0.6%
solution of toth pesticides in 750 acetone. It was
rouchly estirnted tnhat the concentration of pesticides

in the strires wze 10 pem. The canlsters were submerged

in ¢hecszn locations by means of cement or iron welghts.
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FIG. 4. PVC canister containing 12 balsa wood

strips imnregnanted with aldrin and dieldrin as used
in System C.

15

ol ek b

ol ol i il

Sl

b

L

!
PR R R N



Each canister and anchor was attached wlith No. 10

electrical wilre to a styrofoam buoy which had an ldenti-

C e e p——

fying ccprer tag secured to a 15 by 30 c¢m board. After
orie month the canisters were removed and transported ft
to the laboratory in sterile, 15-liter glass Jjars. The
canisters were opened aseptically and the strips from
each placed in 2-liter Pyrex conical culture flasks
containing 120 ml sterlile DW. Next, the flasks werc
shaken for 15-20 min and immersed in a Branson Sonogen-
Z ultrasonic cleaning bath for 10 min. The resulting
supcrnatant liquid was used for microblal ilsolation.

Stock collection culture. The fllamentous fungus used

(FAU accession no. 2500) (Moore and lieyers, 1962).

Growth arnd isolation media. Organlsms collected were

isolated in the following medla; except where otherwise
mentioncd rH was adjusted to 7.0 prior to autoclaving.
Selective AC (Isao and Thieleke, 1966): Peptone C.5 g,
glucose 1.5 g, ¥HoPOy 0.5 g, MgSOu.THEO 0.2 g, Fey-
(sou)3.9H20 (trace), agar 17 g, DW or 75% ASW to 1 liter.
After autoclaving, 0.5% of sterile mycostatin (Calbiochem)
was added at 50 C. The medlum was aseptically dispensed
in sterile 10 by 150 mm plastic Petri dishes.
Selective F (Aaronson, 1970); Gluccse 0.0f g, peptone
0.05 g, yeast cxtract 0.05 g, agar 30 g, DW or 75% ASW
to 1 liter. After autoclaving, 1 g of streptomycin

sulfate (Calbiochem' and 100,000 units venicillin G

' in this study wes the Leuteromycete Zalerion xylestrix

(Calbiochcm) wcre added at 50 C. The nmediwr was anoptical-
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1v dispensed in sterile 10 by 150 mm plastic Petri

dishivs.

knriched ¥ (Booth, 1971): (NHA)ESOM 0.5 g, L-asparagine
C.5 ¢, KHQPOM 1.0 g, KC1 0.5 g, MgSOu.VHgo 0.2 g, CaClQ
0.1 g, ycast extract 0.5 g, agar 15 g, DW or 7o% ASW to

1 liter. After autoclaving, 100 ug/ml cach of technical
aldrin and dleldrin in acetone werc added at 50 C. 'The
medium was aseptically dispensed i sterile 12 Ly 100

mn nlasti

(9]

relrl dishes or tubed in avproprliate volwse

with:out agar.,

Ay

iinimal H (Shimakara and Yamashika, 15¢€7): The baval

mediwn contained HH4N03 .5 g, MgSOA.TH,QO.Q £ oand
.

KEHFDK 1.0 £ in 1 liter of DW or ASW containing 1.71 g

trig({hydroxymethyl)aminomethane (THAM). For isolation

0

culture tubes. The same medium, containing 1.5% agar,
was asceptically dispensed in sterile 10 by 1CO mm plastic
Fetrl dishes. Technicel aldrin or diecldrin (100 ug/rl)
in acetone were added to the liguid, or to the meltied
agar medium at 50 C, before dispensing.

Fungal 1410 M Basal (White, 1972): NHMNOB 2.5 ¢, THAN

"

1.71 g, ycast extract 1.0 g, Tween 8O 5 ¢, ALY to
liter, pil 7.5%.

Microbiolopical methods. Water samplec from all stations

arrd systens were passed through Millipore Ha 0.47 filter

membranes which were then suspended in 25 ml of sterile DW

17
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and shaken vigorously for 1C-15 min, or until the filters
had practically disintegrated. Ten-fold dilutions to
1:1000 in sterile DW were made from these suspensions and ;
1.0 ml samples of the original suspension, and of each .
dilution, spread on each selective or enriched madium agar

surface with a glass rod. One ml of original suspension

was 1lnoculated into 1C ml of minimal medium H, and 1 ml

subcultured in rresh H media three times, at 5 day intervals.
One ml of the last transfer served to inoculate a 10 by 100 1
mm agar vlate of this medium. Approximately 10 g (wet) of
sediment were suspended in 25 ml of sterlile DW and treated
as above without i#1llipore filtration. Platrs were in-
cubated at 25 C for 3-15 days.

Ten or more distinct colonles growing in any inoculated
plate were transferred to fresh medium for confirmation.
Cultures were then stocked uwider sterile mineral oil in
elther nutrient agar (NA) butte (for nonfilamentous forms)
or Sabouraud dextrose agar (SDA) butts (for filamentous
forms) and transferred every 6 months. Organisms growing
on H media agar were tra sferred periodically (10-15 days)
in H media broth and incubated statically at 30 C. These
stock cultures were later transferred in F4 enriched media
supplemented with 0.01% glucoce (filamentous forums) or 0.01%
peptone (nonfilamentous forms).

The choice of DW or 75% ASW was determined by the
salinity at the place of isolation. Samples collected at
stations with salinities of less than 1.5C were processed

o e

in LY media. Other media were prepared in 757 ASV.
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Accordingly, organisms 1solsted from these statlons were
transferred and testedrin corresponding media made elther
with DW 0r775% ASW.

Cultivation and standardization of inocula for Z.
Xxylestrix was achieved by a modification of the method des-
cribed by Sguros, Meyers, and Simms (1962). Inocula were
started from late linear (5 day) mycella, homogenized for
35 sec in sterile semli-micro blenders, by inoculating 3 or
4, 125-ml flasks containing 100 ug/ml of either technical
aldrin or dieldrin in 25 ml of 1410 M Easal medium. One
ml of homogenate (ca. 2 mg dry mycelium) was used to ino-
culate each 25 ml culture. Cultures were incubated at 25 C
on a New Brunswick, lodel R-9Y4 shaker, reciprocating at
66-8 cm strokes per min (spm). After 15-20 days, when
heavy growth (ca. 2 mg/ml dry wt) was obtained, tne media
were pooled and homogenized for 5 sec. Twenty-filve ml of
homogenate served to inoculate 200 ml of 1410 M Basal medium
centaining either 100 or 500 ug/ml of aldrin or dieldrin in
1-liter conical flasks. Cultures started in aldrin were
subsequently grown only in aldrin; dieldrin-grown cultures
were restricted to dieldrin. Cultures restricted to gluccse
were treated similarly except that 100 ug/ml of glucose was
added to the 1410 M Basal medium. The fungus was trans-
ferred every 15 days, after homogenizing the whole culture
for 5 sec and inoculating £500-ml flaske contaiaing 100 ml
of frecn medium. with 25 ml of homogenate.

Eyperircental inocula were started by inoculatling 100

ml of 1:20 7 Zasal with 20 ml of homogenate and starving
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the culture for 10 days on the shaker at 25 C. Next, the

"whole culture was Millipore~flltered aseptically and the

resulting myceliel pad washed three times with 50 ml volumes
of sterlle LW. The washed mycelial pad was then suspended
in 50 ml of DW and homogenized for 5 sec. Twenty-five ml
of the homogenate served to inoculate 500 ml of 1410 M Basal
medium contalning 100 ug/ml of glucose., After 10 days on
the shaker, mycella were Millipore-filtered and washed
three times with 50 ml DW. The resulting pad was suspended
in 50 ml DW and homogenlized for 5 sec. Three 1 ml samrples
were flltered on tared Whatman GF/A discs for quantitation.
The discs were dried at 60 C in vacuo overnight and
the remaining homogenate stored in the blender at 4 C.
After the wt of the mycella was established, the starved
suspension was diluted with water to bring the mycelial con-
centratioﬁ to approximately 2 mg/ml, and homogenized for 5
sec to ensure uniformity. Extra flasks were lnoculated to
provide a continuous source of viable inocula for future
experiments., Cultures were checked routinely for contamina-
tion by means of microscopic wet mount preparations, Gram
stains, and plating in sultable agar media.

Growth and characterization studies. Mixed group

cultures were deliberately prepared from isolates, in the
following manner: Organisms were mixed in groups of 8-12
according to lsolation station and filamentous or non-
filamentous form. Stock cultures, Kept under o0ill, were

transferred to fresh MA or SDA and incubated at room tempera-
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ture for 1-3 weeks. A loopful of each culture was used to

inoculate 25 ml of F4 medium, supplemented as previously

described, and grown for 1 week on the reciprocating
sheker at room temperature. One ml of the mixture was then
used to inoculate 25 ml of H medium containing 100 ug/ml
of both aldrin and dieldrin in 125-ml conical, screw-cap
“culture flasks. The cultures were shaken at 25 C and sub-
cultured twice at 5 day intervals using 1 ml of inoculum
each time. Five days after the last transfer, 0.5 ml of
each culture was plated on H-agar medium and incubated for
1-3 weeks at 25 C. Growing colonies were transferred to
fresh medium and incorporated into the stock group of
isolates. All isolates resulting from plating on H medium,
were Lransferred as described above, first on H media agar
and later in 1iquid F4 media, supplemented with eilther
glucose or peptone.

For all subsequent experiments, culture inocula were
obtained as follows: A loopful of ligquid medium culture
was used to inoculate an agar slant of the same medium
lacking pesticides. Tne slants were incubated 2-7 days at
30 C, 5 ml of sterile DW added to each, and the tubes swirled
gently to dislodge the cells. This treatment produced a
suspension containing approximately 108 cells/ml as estimated
from the absorption of a 1:10 dilution at 490 nm in a
Spectronic 20 colorimeter (BaSOq standard curve). Identical
treatment of slants of filamentous organisms produced a
suspension containing approximately 1 mg dry myceliun /ml.

Cultures were checked routinely for contaminatlon and
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viabllity.

Partial characterization was achleved by: (a) Gram's
stain (Hucker modification), (b) Leifson's flagella stain,
(c) slide cultures (Talbot, 1971), (d) catalase and cyto-
chrome oxidate tests (PathoTec Co., Warner-Lambert Co.),
(e) growth on H medium "basal" containing 0.5% Tween 80,
and either ethanol, acetone, glucose, aldrin, or dleldrin,
(f) growth on Leifson's MOF medium (Difco) with 1% glucose,
sucrose, or lactose, and (g) gelatin liquefaction (BBL).
The examination was carried out, during incubation at 30
C, for 1-3 weeks.

Growth responses 1n Z. xylestrix were measured as the
increase in dry mycelial wt or total cell nitrogen (N) in

1410 M Basal medium containing pesticides. Control cultures

contained 10, 100, and 1000 ug/ml glucose without pesticides.

Whole culfures were filtered through tared Whatman GF/A
discs, washed liberally with DW and then with 50 ml of 50%
acetone to remove any entrapped, undissolved pesticide,
The discs were dried and welghed as before.

Mycelial I was determined by a micro-Kjeldahl method
adapted from Jchnson (1941). Samples, varying in volume
from 5-15 ml obtained from 5 cec homogenates, were filtered
and washed liberally with DW. The pads were resuspended in
a minimum volume of water. One to five ml of cci: . 1s-
pension (demending on N content) was placed in 10-ml
Kjeldanl flasks contoaining 1 m of 9 M stOu and digested
over a burner until white fumes of SO_ filled the vessels.

3
The flaslks were cooled for 0.5 min, 2 droos of 30% H,y05
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added directly to the liquid and the mixture heated for an
additional min to complete digestion. Next, the digested
samples were transferred, by repeated 5 ml DW washings,

to 50 ml Folin-Wu digestion tubes and diluted to 35 ml with
DW. After adding 4 drops of 2% aqueous gum ghatti, the
volume was made up to 50 ml with Nessler's reagent, and

the ingredients quickly mixed. The tubes were recad at

490 nm, within 10 min, in the Spectronic 20 and N calculated
by converting the absorption readings to ug/ml ((Nﬂu)esol+
standard curve), Controls invarlably included the usual
blank, standards, and cell suspension of known N value.

Extraction procedures. The analyses of water samples

were carried out using methods and cquipment available at
the Primate Research Laboratories, Perrine, Florida (sce
Appendix I). The particular gas chromatography used at
Perrine has been fully described by Thompson (1969).
Analyses of water and sediment from isolation System B,
station 0L, were carried out by a modification of the

method of Langlois, Stemp, and Liska (1964) because of

high sediment moisture content (Hi1ll and McCarty, 1968&).
Inactivated (TCA) samples were mixed and duplicate water and
sediment composites placed in 50-ml conical centrifuge
tutes. Each was then treated with 20 ug/ml analytical
lindane to provide an internal standard. After centrifuging
in a cwing-bucket, slze 2, International Centrifuge model

K, at 1590 rpm for 3C min, the supernataﬁt wasg decanted

into a 250-ml separatory funnel. Fxtractlon was done for

1 hr with £9 ml of hexane, on the reciprocating shaker
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(66-8 cm spm) at 25 C. The aqueous layer was dlscarded,
the hexane layer washed twice wlith 100 ml of DW, decanted
into a 125~-ml1 Erlenmeyer flask, and dried over anhydrous
Nazsou. A 25 ml sample was removed to a 35-ml graduated
conical centrifuge tube and concentrated to 10 ml in a
stream of No. No further purification was necessary for
gas-liquid chromatography (GLC) using a flame-ionization
detector (FID). The remaining solids were transferred to
a large mortar and ground with 10 g of 5% deactivated
Florisil. The mixturc was poured on 10 cm deactivated
Florisil covered by 2.C cm anhydrous ”“250u’ In a 22 by 330
mm chromatograrhic column, previously washed with 50 ml of
20% dichloromethane in petroleum ethcer. The sample was
eluted first with 1C0 ml of 20% dichloromethanc in petro-
leum ether and then with 100 ml of 50% dichloromcthanc in
petroleun ether. The eluate was collected in a 250-ml
Erlenmeyer flask and drled over anhydrous Na»SO,. The whole
extract was transierred to a 250-ml Kuderna-h=: 'sy :vapora-
tive concentrator assembled with a 10 ml recciver and a
3-ball Snyder column, and evaporated to approximately 3 nl
in a bolling water bath., The assembly was rcmoved, cooled,
and the Joints and spheres rinsed twice with 2 ml portions
of hexane. Filnally, the concentrated sample was cvaporated
to dryness in a stream of N,, the iesidue dissolved in 5 ml
of hexanec, and held on a Vortex mixer for 1 min., Water and
sediment extracts were pooled together and analyzed by
GLC/FIL (see p. ©0), and thc percent reccovery estimated

acalnst the lindanc Internal standard.
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- After GLC analysls, a 3 ml sample was evaporated to
dryness and the residue dissolved in 0.5 ml of hexane., The
resulting solution was applied to the top of 3.0 cm of 5%
deactivated neutral alumina (Woelm), covered by 0.5 cm
anhydrcus NaS0O,, in a microcolumn made from a diSPo
transfer pipet, 5 mm 1.d4.by 140 mm (Scientific Products),
(Law, 1970). The aldrin fraction was eluted with 2 ml of
hexane. On further elution with 6 ml of hexane the dieldrin
fraction was collected. The aldrin fraction was diluted
1:100 wlth hexane and analyzed in a double-beam, Perkin
Elmer 124D spectrophotometer, between 195-250 nm, using a
1 cm quartz cell. The dleldrin fraction was analyzed,
representing a 1:2 dilution of the original sample, in the
Samc manner.

Cultures of fllamentous organisms, including Z.
xylestrix; were batch-extracted with twice their volure of
chloroform during a 10 min disruption with a Branson £-75
sonifier at 20 kHz, to remove pesticldes from the mycelial
exterior. Analytical lindane was used as the internal
standard to correct manipulation lcsses. Cultures were
treated just prior to extraction with an amount of lindane
identical to the concentration of cyclodiene involved.
During disruption, the extraction vessel was immersed in
an ice bath at 15 C. After dlsruption, the probe was rinsed
wlith chloroform and the batch shaken for 15 min on the re-
ciprocating shaker. Following separation, the agueous
phase was discarded, and the solvent phase washed and dried

over anhydrous NaESOu. A suitatle volume (usually 10.0 ml)
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-was transferred to a glass-stoppered 50-mi Erlenmeyer
flask, and evaporated to dryness at 60 C in a stream of N-.
The residue was dissolved in an equal volume of hexane and
used for analysis without further purification. Non-
fllamentous organlsms were extracted with 30 ml of iso-
propanol:hexane (1:2 vol/vol) (Mendel, 1967) to avoid the
thick emulsion which formed when chloroform was the ex-
tractant. Otherwise, the extraction procedure was the

same as for filamentous organisms.

When cells and cell-free medlia were extracted
separately, the procedure employed was as follows: After
storping the interaction with 20% TCA, the whole culture
was Millipore-filtered through a tared Whatman GF/A disc.
The mycelial pad was washed twice with 50 ml of DW and once
with 50 ml of 50% acetone. The entire filtrate was ex-
tracted for 1 hr in a 250-ml separatory funnel with 75 ml
of the 1:2 mixture of lsopropanol:hexane. The aqueous
phase was discarded and the hexane phase washed, dried, and
concentrated as regquired for the specific concentration of
pesticide expected. The fllter discs containing the
cells were dried overnight in a desiccator, folded, and
placed in a 25 by 80 mm Whatman paper extraction thimble.
The mycelium was then extracted for 6-12 hr in a Soxhlet
extractor with 200 ml of a 1:1 (vol/vol) mixture of hexanc-
acetone. The temperature of the heatling plate was adjusted
to produce approximately 12 siphon cycles/hr. After ex-
traction, the solvent was evaporated to dryness in a Rinco

rovary evaporator, and the residue dicsolved in a minimal




'

amount of hexane.

Thin-layer chromatography. Plates were prepared in

the laboratory according to the methods of Walker and

Beroza (1963) and Official Methods of Analysis (1968).
Double-strength window glass plates, 20 by 20 cm, of uniform
width and thickness, were coated with a Research Speclalties
applicator set to provide a 250 um layer. The absorbents
used and thelr weights in 100 ml of water were: A1203-G
(Research Specialties) 60 g, Silica gel G (Rescarch
Specialties) 50 g, Silica gel H (Kensington) 50 g. ‘'The

desiccated absorbent powder was placed in a 25C-ml

Erlenmeyer flask and the required amount
ATter shaking moderately for U5 scc, the

immediately into the gpplicator chamber;

of water added.
slurry was poured

the coating was

performed within 2 min, The plates were allowed to dry
in position for 15 min and then finally dried in a forced
draft oven for 30 min at 80 C. Plates of A1203-G were
prewashed with 50% acetone and redrlied for 45 min at 80C.
All plates were stored in a large, sezled jar containing
Drierite.

Hine samples were spotted at 1 cm intervals on a line
4 cm from the bottom and 1.5 cm from each side, using either
10 ¢r 20 ul disposable micropipettes. The preferred method
of irrigation was to pour the solvent into the tank just
prior to immersing the plates (Kovacs, 1965). The covers
of the tanks were sealed with masking tape and irrigated to
the required distance: 10 cm for A1203, 15 cm for Silica

gel. Pre-coated 20 by 20 cm Mylar plates covered with a
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- - 250 um layer of Silica gel G (Eastman Kodak Type K30122)

were activated for 30 min at 100 C. The irrigation systems
used at different times were: heptane-acetone (49:1), ethyl
ether-hexane (9:1), benzene-ethyl acetate (3:1), hexane-
acetone (4:1), dichloromethane-carbon tetrachloride (1:1),
and chloroform-methanol (1:9). Two dimensional thin layer
plates were used to detect metabolic products in:the aqueous
phase after chloroform extraction. The solvent system used
in these instances was chloroform-methanol-NH,O0H 17% (2:2:1)
(Kirschner, 1967). Plates were sprayed with 0.25% ninhydrin
or superimposed on high contrast x-ray film. Unless otherwlse
stated, migration rate values of labeled or unlabeled spots
found in thin layer chromatography (TLC) preparations are
gilven as relative to either sldrin (Rg=Re unknown/Rg aldrin)
or dieldrin (Rg=Rg unknown/R, dieldrin).

Gas ligquid chromatography. All GLC determinations,

except those carried out at the Primate Research Laboratory,
were performed in either a Perkin-Elmer Model 90C or a
Varian Aerograph Model 2100 gas chromatograph, both equipped
with FID and 0.31 by 180 cm glass columns packed with

3% OV-17 on Chromosorb WHP 80/100 mesh. The chromato-
graphs were operated 1sothermaily at 195 C with an injection
port temperature of 225 C and a detector (manifold) temp-
erature of 210 C. The carrier was pre-purified Ny, with a
flow rate of 50 to 65 ml/min. Normally, all determinations

were made with an attenuation of U4 in the 10~1° ampere

~

range. The usual injection sample was 2 ul with a 1 ul

solvent flush. Under these conditions, a 0.08 ug/ul
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standard of aldrin gave a 70% deflection on the reccrder
chart moving at 1.25 cm/min. For trace analysis, a higher
injection sample (3-5 ul) and lower attenuation (2-8 x 10
was used. Peak helght was employed to calculate concentra-
tion maxima generated by unknown samples as compared to
those generated by standards.

Actlon of cultures on unlabeled pesticides. Organisms

isolated un H media were subcultured in 10 ml of F4 medium,
supplemented with elther peptone or glucose, containing
100 ug/ml analytical aldrin or dieldrin. Each organism
was grown staticelly in duplicate for 15 days at 3C C.
Aporopriate controls included uninoculated media containing
pesticides and inoculated media without pesticides.
Analytical aldrin or dieldrin was added in a minimal amount
of acetone, initially. Growth was stopped by 0.1 ml of 20%
TCA/10 ml of medium and the whole culture extracted
immediately.

Duplicate or triplicate cultures of Z. xylestrix,
in 250-ml conical culture flasks containing 50 ml of 1410
M Basel medlia, were used. The medium was supplemented with
either 0.01 or 0.5% glucose, or was used without glucose,
as required. Each culturevwas inoculated with the standard
2 mg mycelium 25 ml of medium and shaken at 25 C. 1Included,
as above, were reagent and cell controls; growth was stopped
as before.

Action of culitures on labeled pesticides. Cultivation

of grouped cultures, H media isolates, and Z. xylestrix,

1L

with C-labeled aldrin or dieldrin, followed the same
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technlque as for unlabeled pesticldes. In all cases, the
cultures contained either 0.019 uCi/ml ‘*C-aldrin or 0.02
uCi/ml luc-dieldrin. Cultures were incubated statically

in the dark at 30 C, except for Z. xylestrix which was grown
at 25 C, in fluorescent light on the shaker. Controls
included uninoculated media, with and without pesticides,
and inoculated media to which pesticides were added Jjust
prior to extraction.

Cultures were extracted with twlce their volume of
chloroform and, after discarding the aqueous phase, a 10
ml sample of solvent fraction was concentrated to 0.2 ml
(Matsumura and Boush, 1963). A 20 ul sample was spotted on
different TLC adsorbents (Table 1). Irrigated plates were
exposed to high contrast x-ray film (Fugl) for 25 days and
develored in a Kodak Examat, automatic x-ray developer,
model 2.

For Z. xylestrix, following chloroform extraction,

1 ml of aquecus phase was assayed in 10 ml of Aquascint
II (International Chemical and Nuclear) using a Beckman
CPt 100 scintillation counter. Similarly, 1 ml of the
chloroform phase was counted in 10 ml of a solution con-
taining 0.4 g of PPO (2,5-diphenyloxazole, p=-terphenyl)
and 5 mg of POPOP (1l,U4-bis~2,5-phenyloxazoly-benzene) in
100 ml of toluenc. Quenching due to chleroform or pre-
cipitated salts from AcW was determined prior to analysis.
The expected total activity originally added to each
culture, in counts/min, was estimated from the svecific

activity, in uCi/mg, of the analytical labelced pesticide,
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rather than by directly counting activity of a suitable

sample. Values, however, were corrected by control re-

coveries. Developed x-ray fllms were scanned also with a

Photovolt Multiplier Photometer, Model 520-A, equipped with =

o " a search lamp (575 ﬁm filter) scanning tray, and a linear/

log, Varicord 43 recorder. Quantitation was achleved by

determining peak area.
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RESULTS

Conditions monitored at sampling stations and results
obtalned with lsolation systems are sumarized in Table 2.
Strong currents were not observed during sampling except
at station 05, and none of the local stations gave a
visual appearance of heavy pollution. Salinity measure-
ments showed stations 02, O4 and 08 to be brackish, while
st.itions 03 and 05 were oceanic. Station 01, located
7.6 km inland was the only location to consist of fresh
water. Temperature, pH, and dissolved O, data were within
the expected ranges.

The composite sample from station Ol showed considerable
concentrations of other organochlorine pesticides, especial-
ly DDT, DDD, and DDE. Remaining stations, however, falled
to show detectable concentrations of chlorinated pesticides.

Of the 160 organisms isolated, 53% were isolated from
surface water. Thirty-two organisms, isolated from the
Impregnated strips, are included since the canisters were
designed to rest upright on the bottom or a few feet above.

Identification per se was not attempted on priaary isolation,

but man; organisms, particularly Streovtomyces sp., weve

presumed owing to organoleptic manifestations e.g., strong
earthy odor, etc. Although selective medla were especially
designed for actinomyces and filamentous furn’i, other

specles were not excluded. All isolates were aerobes or

facultative anaerobec.
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TABLE 2.

Isolation systems and gtations.

Station Location Sample  Conditions® systen Medium Isolates
S w
Temp 22 AC 17
Canal E3 s 0.5 F 10
o1 Palm Bch 3 pPH T.2 A . F4 -
Co, Fla. o 75 Total 26 27
Afdrin 0.1 Station 53
Dieldrin 0.6
Temp 27 AC - -
Boca Inlet %3 3.5 F 1 -
03 Boca Raton 1 pH .1 A F4 4 .
Fla 0 64 Total 5 -
Afdrin 0.1 Station 5
Dieldrin 0.1
Te - AC 8 3
8t. Barbara “smp - F 1
SB Canal, Calf. 4 pH - A F4 9 2
0 - H 1l -
Afdrin - Total i3 )
Dieldrin - Station 128
Temp 32 AC 5 4
53 205 F - -
Ocean Ridge 1 PH 8.0 B F4 2 4
o4 Inlet o 76 H - 2
Boyton Beh Afdrin 0.1 Total 7 1o
Fle Dieldrin 0.1 Station 17
AC - 3
F 3 1l
A Fy - -
Temp 27 . H - 2
%S 1.5 Total 3 6
ICWW 2 pH 7.5
02 Boca Raton 0 62 AC - -
Flg Afdrin 0.1 F - -
Dieldrin 0.1 B FY4 10 4
R 5 1l
Total 15 5
Station 29
Temp 30 AC - 5
% 2.5 F - 3
ICCw 1 pH 8.1 C Fy - 10
08 Boca Raton 02 29 H -
Fla Aldrin -
Dieldrin - Station 19
Temp 29 AC -
Pompano %S 3.5 F - 2
05 outfail 1 FPH .2 c FYy - 4
boll 0 97 H - 2
Afdrin 0.1
Dieldrin 0.1 Station i3
a
Q2: ppm; aldrin, dleldrin 1n ppb; AS: salinity,
b

S: sediment, v surface water,
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Table 3 indicates the number of organisms 1n each
deliberately mixed culture group, isolation station, and
the morphological types involved. Of 129 organisms
screened in this manner, only 10 grew in H medla after
three successive transfers bringing to 24 the total number
of organlisms isoclated on H medium elther durlng isolation
or after adaptation from grouped cultures.

The same culture groups, excluding those isolates
growing on H medla, were screened in media containing

14

elther C-iabeled alidrin or dieldrin. A radiocautogram cof

thin-layer plates of lL'*C-ail.cirin extracts from the grouped
cultures is shown in Fig. 5. Three patterns suggesting
possible metabolites are recognizable. Groups VI, ViIa

and IX gave spot C (R =0.23) which was not produced by th:
controls or any other group. Spot B (Ra=O.l7) was produced
by most groups with the exception of VII, VIII, and the
controls, Spot D, not manifested by groups VII or VIII,
but produced by the controls, might have been an artifact.
Spot F and G, dieldrin and aldrin respectively, arose from
the original labeled-pesticide vial. A similar presentation
for th-dieldrin is glven in Fig. €; again, possitle meta-
bolites are indicated. Group VvV, filamentous organisms,
were the most active ylelding four well-separated spots

not snown by the controls. Spot C, in Fig. 6 for diel-

drin (2.,=0.25, K_=0.2)), may have been identical with spot

d a
C irn Fig. 5. Spot I probably represented a contaminant,
correccted for by the controls, and spot G represented

dieldrin., Groups OL3ST, a mixed natural culture from
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station OU, System B, was obtained 20 weeks after the last
addition of pesticides. Other spots gave Ra or Rd values
gimilar to those reported elsewhere (Matsumura et al.,
1968) for aldrin metabolites, but none were chemically
characterized.

Of the organisms isolated on H medium, ten were dis-
carded as duplicates. On TLC screening of whole F4 culture
extracts of the remaining strains, AgNO3 reagent falled to
indicate metabolites.

An outline of major cultural cheracteristics of kK
media isolates, kept for further study, 1s shown in Table
4, Growth on H medla is indicated as "direct" if the or-
ganism was isolated directly from the fleld station samples
or “"adapted" if the organism was isolated on H media from
orne of the grouped cultures. Only three of these isolates
were filamentous organisms: strain 1145, 8242, and 8247

(Fig 7). Strains 1145 and 8247 sppeared to be Trichoderms

sp.

Most other 1lsolates were Gram negative rods or cocco-
baclllary forms (Fig 7) which appeared to attack sugars
oxidatively and were cytochrome oxidase-positive. Flagella
were demonstrated conclusively only with isolate O43S1.
Isolate 22530 showed polar flagellation when first isolated,
but after several transfers flagellation could not be de-
monstrated. This was true also on later observation of
the originzl stock culture. Isolates 1130 and 2230 pro-
duced a water soluble green pnigment in both experimentél

and transfer liquid media, but ndt in nutrient agar. Strain
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Isolate

1130

0SBl

022s

2230

043281

225830

053M-2

082s

SB30

4330

8230

1145

8242

L

TABLE 4,
Station

o1

SB

02

02

o4

02

05

o8

o4

08

01

08

e R

Cell and cultural characteristics of H-media isclates.

Growth on "y"

Adapted

Direct

Direct

Adapted

Direct

Adaptegd

Direct

Direct

Adapted

Adapted

Adapted

Adapted

Adapted

Colony
morphology

Circular 2 mm
smooth, glis-
tening pale
Yellow,

Punctiform,
smooth, glis-
tening, light.

Irregular,
i mm smooth
translucent.

Irregular,
2 mm rugose,
translucent.

Punctiform,
smooth, trans-
lucent.

Confluent
mucoid, glis-~
tening, cream.

Circular 1 mm
smooth, glis-
tening white.

Confluent,
mucoid circu-
lar, glisten-

ing.

Circular 1 mm
smooth, trans-
lucent.

Punctilform,
smooth, glis-
tening, gray.

Confluent,
mucold, cir-
cular, glis-
tening, cream,

Repid, green
aerial myce-
lia.

Powdery,
white myce-
l1a.

Cell
morphology

Gram negative
rods, pleomor-
phic, long
chains.

Gram variasble
1-2 um rods,
palisades.

Gram negative
slender, long
chains.

Gram negative
slender, 2 um
curved rods.

Gram negative
coccobacilli
1.5=-2.5 unm

Gram negative
0.5-1 um cur-
ved rods.

Gram negative
slender, cur-
ved, rosettes.

Gram negative
0.5-1 um cocco-
bacilli.

Gram negative
1-2 um rods,
small chains.

Gram negative
coccobacilll
2-5 um

Gram negative
1l wn curved &
coccoid rods.

Hyaline sept-
ate, branchedq,
one-celled ovoid
conidiophores.

Hyaline, sep-

tate one-celled
¢ylindrical conidia
(Arthrospores).

Flagella

None

None

None

None

l-2
Polar

0-=1
Polar

None

None

None

None

None

NA
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TABLE 4. (eontinued) Z
OF media® Growth on ,
o m o ™ O M & © 3
tesssta3838 948
mowte 5 £ 5 8E 25228245 T RNNH LG
sdaadd3BILERET A |
1130 + = = = = =« =« 4 4+ e + e« - = - Flavobacterium
0SBl + + + + + + -« 4+ 4+ - 4+ - = - - Arthrobacter
022s + - 4+ - 4 4+ - 4+ 4+ - + « 4+ - <« Achromobacter
2230 + « 4+ - 4+ = =« 4+ 4 = 4+ 4+ 4+ = = Achromobacter
oh3s1 + + + = 4+ - 4+ + + = 4 = - = = Vidbrio
22830 ~ = = =« = = 4+ 4+ 4+ - 4 4+ - - = Vidbrio _
053M2 4 = e = = = = = = = 4 = = - - Non-fermentative rod
0828 - = = = - = 4+ + + + 4+ + 4+ <~ = Alca’igenes
SB30 I S T Non-fermentative rod
4330 ~ = = e « =« 4+ o 4+ ~ 4+ 4+ = = =« Non-fermentative rod
8230 ~ = - - - = 4+ 4+ 4+ = 4+ + + =~ = Alcaligenes
1145 NA ' = 4+ - - = =« Trichoderma
8au2 NA - + - <« = = Monocillium

a
OF media (oxidation-fermentation): O = oxidation, F = fermentation
NA not applicable.
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O0SBl, when isolated, was consistently Gram positive in
young nutrient'agar cultures, but on repeated transfer
became Gram variable to negative. None of these isolates
was able to grow in the H medium basal alone or with aldrin
or dleldrin as sole carbon sources, but all grew on H medila
containing 0.05% Tween 80. Although organisms isolated
from brackish or littoral waters were cultured repeatedly
in 75% ASW media, none was shown to require ASW for growth.

Selected H media isolates were tested for action on
pesticides using GLC gquantitation. Table 5 shows the
pesticide recoveries after possible cometabolism with glucose
and peptone. Most recoveries were greater than 90% which
equalled those for the controls. Blodegradation products

were not detectea by FID. 7

When all 14 H media isolates were tested for pesticide
degradation, using luc-labeled aldrin or dieldrin, six
showed profiles with aldrin and/or dieldrin which differed
from the controls. Possible conversion products found in
radioautograms (Silica gel G TLC) of luc-aldrin extracts

from H media isolates are shown in Fig 8. Spots H and G
showed aldrin and dieldrin, respectively. Spot F (Rg=0.57),
only from isolate 2230, was shown faintly. Other R, values

were: EL: 0.26; D: 0.19; C: O.ll,'and B: 0.07. Spot B,
from the extracts of culture 8247, may have been an arti-

fact, produced by TCA treatment, present in all cultures and

controls. Fig 9 presents the results obtained in cultures
grown with luC-—labeled dieldrin. OCnly spot C, shown by

extracts of all six isolates (Ry=0.37), and spot B, found
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2230 4130 043381 osel 8247 CONTRO\

H- ISOLATES

FIs. 8. Redloautogram of luc-aldrin H-medium
1solate extracts; 20 ul fractions irrigated 15 ecm
from origin on Silica gel G (hexane-acetone, 4:1).
X-ray film exposure time, 30 days. Shaded, barred,
closed, and dotted circles, in that order, represent

en arbitrary scale of decreasing intensities of
radioautographic spots.
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in isolates 2230, 4330, and OSBl, appeared to be signi-
ficant.
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Spot B appeared to be identical to spot E in the

aldrin chromatograms and very slmllar to spot C in aldrin 4

and dieldrin autoradlograms of the grouped mixed cultures.

MH‘ PR

Spot F corresponded to dleldrin.

=
=3

At the time of collection, and for the first 2-3 weeks, g

the surface water from System B, Station O4 remained

turbid and the sediment brownish.

S

Between 3 and 6 weeks,
a strong E, S odor emanated from the carboy and the sediment

turned black. At the same time, the surface water cleared. |

After 6 weeks, the sediment began to turn gray while the

surface water became green. A green scum also appeared

of the surface. A trichome-forming organism along with

numerous large and small rods was cbserved in wet mount

preparations of the scum. At 12 weeks, the scum turned

yellowish, and at 16 weeks the green had disappeared. Wet

mount preparations durlng thls time demonstrated only some

protozoans, possibly Paramecium sp,

At 20 weeks, the green

coloration reanpeared and characteristic diacomaceous forms,

closely assoclated with what appeared to be Oscillatoria

sp. (Flg. 7) were seen in wet mounts prepared from long

filaments growlng on the carboy walls.

The Oscillatoria sp. and the diatom were grown 1in

artificial media, but only the former could be growm in

axenic culture (¥W. Thomann, wnpublished data). Fig. 10

chows the recultsz ovut-lned by GLC and UV analyscs of samples

colleccted frorm Syoter o, Tiation OO

l on the carboy walls from the bottom up to within 5-7.5 cm

. 2oth nctniods demonstrated

yr
-
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a 50 and 60% reduction of eldrin end dieldrin, respectively.
The decline was progressive rather than abrupt, and pesti-

cide metabolites were undetectatle.

Growth of the cellulolytic marine fungus Z. Xxylestrix,

at different aldrin or dieldrin concentrations in 1410 M
Basal media, i1s exemplified in Fig. 11. Mycellal increase, E

‘at 10 and 120 ug/ml of pesticide was comparable to that

o et

obtained at the same concentrations of glucose. Growth

declined above 250 ug pesticide/ml and was very sparse at

ot e st il

750 and 1000 ug/ml. In a time-course experiment, maximal

growtn occurred at & days (Fig. 12). At this time, cul-

tures containing 100 ug/ml of aldrin or dieldrin gave
higher nycelial ylelds than cultures with the same glucose
concentration. 1
When the effect of serially transferring the fungus
in pesticide media became of interest, growth responses
were observed using inocula from cultures exposed and un-
exposed to pesticide. Growth responses obtained from all
inocula shcwed higher yields of mycelium in pesticlde
media than in glucose medla (Fig. 13). Aldrin supported
the highezt yields at 10 days and aldrin-grown inocula
gave tne hichzst yields of all in aldrin media.
Further characterization of the growth of 7. xylestrix,
in the przsence of eldrin or dieldrin, by dry wt arnd cell
I' deterninations, chowed higher yields by toth methods (Fig. 14).
A gimiler caticrn was ohserved when the basal mediun was
sunplemented with 122 ug glucose/ml (Fig. 15). In both

cacon, noaxicz) crowch oczurred at 18 days.
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FIG. 12. Growth profile of Z. xylestrix in 141C
l I Basal medium containing 100 ug/ml of either aldrin
. (A), dieldrin (0O) or glucose (0O ). Detted line
reprcsents 1410 i Basal culture without substrate.
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ALORIN-GROWN CELLS

PIG, 13, {Crcwth profiles of 7. xvlastrix pre-
viously growm in either aldrin, dieIdr rin, or glu«.oge,
in 1415 1 Pagal rmuLu contalxung 1CC ug/ml of aldrin

(&), dicldrin ( O ) or glucose

e ). Dotted 1ine
represents 151G 1 2asal culture with

out substrate,
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The fate of pesticide in chloroform-extracted, whole

cultures of 2. xylestrix, as determined by GLC, is shown

in Table €, where 15 day incubation recoveries are listed

along wlth extraction method. Wet mount preparations in-
dicated 70-90% mycelial disruption after insonation for 1C
min. Recoveries of 85-87% were obtained against lindane
and values corrected, Inoculum carry-over, however, averaged
less than 1 ug/ml.

The results of time-course experiments on aldrin and
dieldrin uptake by 2. xylestrix are shown in Fig. 16 and 17.
As shown in the former, glucose made no significant differ-
ence in aldrin recovery. Uptake appeared to level-off at
10 days. This coincided with the age at which maximal
growth was obtained with dieldrin (Fig. 17). Values,
corrected for recoveriles in the contrcls without internal
standard, were aldrin 90% and dleldrin 93%. Extracts were
extensively analyzed by TLC (Table 1); however, no meta-
bolltes were detected with AgNO3 in any chromatographic
system. Trace analyses by GLC demonstrated one peak with
a retention time, relative to aldrin (RRTg), of 1.12 min
in most aldrin and aldrin-gluccse cvltures. This did not
ocaur in the controls (Fig. 18). Trace analyses (GLC) of
dieldrin and dleldrin-glucose similearly demonstrated a small
shoulder Just off the solvent front, with a retention time
relative to dieldrin (RRTy) of 0.402. Thls also was not
found 1n ccatrol cultures (Fig. 19).

Activity distrib.ation between agueous and solvent

phascs In extracts of Z. xylestrix cultures, with and
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FIG. 18. Representative GLC/FID chromatogram of
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taining aldrin. Injection size: 3 ul; support: 37 .
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Arrow indicates peak not found in centrol preparatvion
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Arrow indicates shoulder not found in control pre-
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without glucose, is shown in Table 7. Corrected recovery

values obtained for both pesticides represent the average

of six determinations for aldrin and nine for dieldrin.
[ | The control recovery was 98% with negligible activity in
| the agueous phase. in most cases, different determinations
- were within 5% of the mean. Neither radio-labeled nor
7 1 ninhydrin-positive compounds were detected by subsequent

TLC analyses of aqueous phases. Solvent phase TLC analyses,

o

. on the other hand, demonstrated the presence of & number of
= ' spots not present in the controls. The best separation of
possible metabolites was obtained in hexane-acetone (4:1)
(Fig. 20) and hexane-ethyl acetate (3:1) (Fig. 21). The R,
values achieved with hexane-acetone follow: spot F: 0.763,
I spot E: 0.322, spot D: 0.233, spot C: 0.136, spot B: 0.104.

Artifacts were found in all cultures, as well as in the
I controls (spot A). Table 8 summarizes the results of
scanning radiochromatograms lrrigated with ether:hexane on

Silica gel G. Although the spot inteasities are not direct

3
i
:
i
|

l measurenents of activity, they suggest the relationship
between parent compounds and poscible metabolites.

' When washed mycelia and cell-free medla were extracted

separately, a considerable amount of the 1initial pesticide

was found in the cells (Table 9). Values obtained at

l differcnt pesticlde and glucose concentrations represent

| Lottt

the average of uncorrected duplicates. The overall re-

4
I covery in the controls was 99% for aldrin and 92¢ for 3

T

dieldrin. Of the initial aldrin concentration (50 ug/ml),

¢7% was found in the m2diwm and 127 in thez cells; 857 and

I 61
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o
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7% was the medium/cell distribution for dieldrin. Inoculum
carry-over was 0.15 ug/ml for aldrin and 0.12 ug/ml for
dieldrin.

A plot of the effect of amount of mycelium on pesti-

clde uptake (Fig. 22) demonstrates that the uptake increased

linearly with Iincreasing pesticide concentrations between

1C and 100 ug/ml for both aldrin and dieldrin. In either

case, the fungus appeared tc take up approximately 200C

times the original medium concentration of pesticide;

14 to 17% of the initial pesticide remainca unaccounted :

for.

Other obscrvations of preliminary naturc were made on

gt |l b

the growth of Z. xylestrix in pesticide media., In one case,

wnen Z. xylestrix was grown on H agar medium, with and

without pesticide, it was found that after 3 transfers the

fungus grew significantly in ligquid H media, with and with-

o e o w1 s

out pesticides, but not without Tween 80. Finally, it is

il

noteworthy that growth of Z. xylestrix in pesticide-contain-

Py

ing media was usually accompanied by morvhological cnanges,
such as the ccnspicuous absence of pellets and lazc¢r of

normal greern olegnentation.
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DISCUSSION

Most microbiologists have long held the notion that,
- glven enough time, any organlc compound can be degraded
if exposed to the proper microorganism(s) in a suitable
environment. Yet, it 1s known that bacterlal endospores,
human hair, tree stumps, rope, and other refractile
materials can be foeund Intact after thousands of years.
Such material stabllity over prolonged periods of time
may suggest, as Alexander (1965) points out, some
unaccessibility of the substrate {or) of some factor
essentlal for growth, which prevents the community of
mlcroorganisms from metabolizing the compound because of

some physiological inadequacy. Many new organic chemlcals

used in industry and agriculture appear to possess this

property.

Chlorinated hydrocarbon pesticldes, among other

chemicals, are notorious for persisting in nature. Initial-

ly, these compounds appeared to have little effect on
non~target organisms, while being very efficient in con-

trolling incects and other invertebrate npredators that

endangered the health and welfare of man, his crops, and

domesticated animals. With the advent of more sophisticated

techniques and instrumentation, as well as increased public

interest, it has become evident that these chemicals are

not inert outside the target orgarisms. In effect, they

interact with microblal populations 1In areas where they arc

[ P

applied, or to w.aicn they are carried by othcr rmeans, with
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results not always benefliclal to the ecosystem. As has

been mentioned, conversion products resulting from micro-

blal metabollism of pesticldes can be more toxic than the
parent compounds (Batterton et al ., 1972) and accumulation
in primary producers frequently constitutes the first step
in the overeall process of bilologlcal megnification.

Early investigations (Korte, 1962, cited by Brooks,
1959) revealed that, while aldrin and other organochlorine
pesticides were attacked by microorganisms in pure culture,
dieldrin was not. These findings inltiated numcrous

Investigations designed to elucidate the fate of these

T . e Py s bt
s esed  Weeed e ey S BB

pesticides, as well as that of their conversion products,

| ) in different enviromments. Successtul isoclation of pesti-

[

clde-degrading microorganisms was reported later following

microblclogical analyses of highly contaminated areas or

[

laboratory systems (lMatsumura et al., 1968; Tu et al.,

3
£

H 12£8).
- At the teginning of the work herein reported, it was
assumed that adequate information would be avalilatle on
L i' highly-contaninated aquatic environments elsewhere, as e
ﬁ - result of monitoring for pesticicdes by responsible agenciec.

Such information, 1t was anticipated, would facllitate the

isolation of microorganisms with enhanced degradation
capabilities. Consequently, 1isolation media and systems
vere adopted which relied primarily on isolating as many
microorganisns as cossible and testing these for degradation

ablility with sulitable analytical mecthods. Differential medin
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were included only to individually facilitate the analysils
of fllamentous and non~filamentous mlcroorganisms. In
actuality, however, information was sparse and attention
had to be restricted to local sreas as sources of micro-
organisms.

Recent data on organochlorine insectlcide residues
in South Florida (Kolipinski et al., 1971) for example,
show very little aldrin in natural waters and man-made
canals of this region, a fact now confirmed by our own
determinations. Further, unpublished laboratory records
made avallagble to the author by the reglonal office of the
Water Resources Division, Geologlcal Survey, U.S. Department
of the Interior, falled to show aldrin in any of the samples
taken in Dade, Broward, and Palm Beach Counties over a
pericd of scveral years. Dieldrin was occasionally de-
tected but in concentrations of 0.1 ug/liter or less. A
sample taken on 28 February 1969, at the Intracoastal
Waterway, Atlantic Boulevard Bridge, Pompanoc Beach, Florida,

P

however, demonstrated a significant concentration of
0.42 ug/lizer.

As far as can be determined, dieldrin usage in South-
eastern Florida is limited to rare applications in sugar
cane flelds arocund Lake Okeechobee, Aldrin, on the other
hand, 1s used annually, in 10% formulations with fertilizer,
on most lccal vegetable farms. is land drains directly
into those canals showling concentrations of dieldrin. 1t
was conceivable, therefore, that dieldrin found 1n surface

waters could have resulted from the microbiolegical

71
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epoxidation of aldrin (Fig. 1). This, of course, was

highly speculative in the absence of actual experimental E

evidence.

Nevertheless, low pesticlde levels in local areas

.‘.W.m...‘.‘,
T

dimmed the prospect of 1isolating pesticide-adapted micro-

organisms. A better approach seemed to lie in creating

laberatory conditions favoring adaptation of autochthonous

microflora by enriching selected water and sediment systems
with aldrin and dieldrin.

Another method employed in these studles was based on
an Observation at the Naval Civil Engineering Laboratory
in Port Hueme, California. While working with the shipworm

Teredo dicrensis, Vind (1971) noticed that pesticide from

Impregnated matchsticks did not leach out even in hot water,
but when submerged in raw seawater, the pesticide rapidly
disappearéd. It was suggested that pesticide dilsappearance
was due to the metabolic action of cellulolytic organisms
growing on the surface of the matchsticks. Thils systerm had
the added advantage of inducing adaptation under natural
conditions. The loss of 65% of the canisters imclanted

to verify, and perhaps, take advantage of this concert,
forced a discontinuation for economic reasons.

The tine-honored technique of ernrichment was used to :

select microorgansims adapted or at least showing tolerance
to the pesticides. Almost coincident with the start of cur

work, investigators at the University of Wisconsin ad 3

successfully isolated in "H media" a strain cf the terres-
trial fw.gus Trichzuicrenma koningl which readily defmraden
e

Al i, U 2 el
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dieldrin (Bixby, 1971). Our use of this medium in part of
the work reported here reflected confidence in the concept
and it was hoped that the attack might be carried as far
as mineralization.

Originally, the H medium had been devised by Japanece i
workers to i1solate microorganisms capable of utllizing
hydrocarbons as carbon sources (Shimahara and Yamashita,
1967). These investigators alternated the use of Tweens,
included tc dilsperse insoluble organic substrates, to
dlscourage the organisms from using these long-chain fatty
aclds instead. Alternation was not followed in these present
studies to reduce the variety of isclation media, but
Tween 8C was employed as a pesticide dispersant. It was
not surprising, therefore, that none of our icolates from
this medium grew in the absence of Tween 80 when pesticide

wras the intended carbon source. This however, did not

neccessarily indicate that the isolates lacked pesticide-
degraiing capatilities.

An ccological phencmenon of increasing interest is :
that of cometabolism or co-oxidation, a term that descrites
ricrobial transiormation of substrates without utilization
of the encrgy derived (Leadbetter and Feoster, 1G59; Focht

and AleXanier, 1970; Horvath and Alexander, 1970). Horvath

(1970, 1972a; successfully used an "analog-enriched”

ke L

rediuwr to isolate microorganisms degrading TDT and herbi- 2
cldes. As he cointed out {1972b), "the existence of co-
metabolisu renrcccrits a severce drawtack to the uce of

growth as a critcrion in biocdegradability of substratos.”

T3
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Foster (1972) stated further that one reasor. for the
" fallure of some microorganisms to grow on certain substratcs
was the inabllity to use the oxidation products rather
than t ~ inability to attack the substrate. That some
microcorganisms, unable to grow in H medla, were capable of
attacking aldrin and dieldrin causing significant molecular
alterations, is clearly seen in our radiclabeled pesticide
analyses of grouped cultures. Furthermore, as pointed out
above, while none of the H medis isolates actually grew
wilth pesticides as sole carbon sources, sone produced con-

version products.

Althouch none of the possi®tle products were chemically
characterized here, some gave migration values, in identiczl

T systemg, similar to those reported for aldrin and diel-

drin mctabolites. For example, spot D (Fig. 5) appeared to
be an aldrin-diol while spot D (Flg. 6) was comparable to
6,7-trans-dihydroxydihydro-aldrin (TDDA} (Matsumura, 1968a).
Similarly, spot D (Fig. 9) has an R, comparable to that of
gspot D (Fiz. O} and to authentlc TDDA as reported in the
literature., However, these metabolites were found in such

small quanti‘ics that the possibility of spurlous influence

Tt is difficurt to distingulsh between chemical altera-

tions of biolozical or pon~biological nature, particularl:y

vhen the latier can result Trom the action of cenzymatiec

cyotems coloaced Ly the autolysis of dzad orvgancsems (boznons
anc Nooninicnrmore 1976)Y. Proof of biodoxracztion b grouscd

L
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cultures and other 1solates herein, requires actual isola-
tion and chemlcal characterization of metabolites. Carbon-
labeled analyses of grouped and single isolates from media
containing aldrin and dieldrin, strongly suggest that
microblal uction on these pesticldes, under optimal culture
conditions, may b2 more extensive than normally assumed.
The use of grcuped cultures for screening large numbers of
isolates and encouraging pesticide degradation, a method

not used previocusly to any large extent, has proven

valuable.

The pradominance of non-filamentous bacterial isolates

t J from media not made especially favorable for their growth

may be significant. Of 14 1solates kept for further study,

j only threc were filamentous fungl and, Including those

; discarded for various reasons, 20 of 2i were non-Tilamentcus.

4 As has beén mentloned, quantitative GLC analyses of selected

1 isolates provided little definitive information; yet, high:r

{ vesticlde recoverics, indicating reduced degradation, were

] obtained congistently with filamentous organisms. Radio- ;

: autogsrapny confirmed greater activity by non-filamentous

4 orgzanisns. The only exception, was the high activity de-

1 monstrated by 2 grouped culture of fllamentous rungi on
1hC-labelcd di<ldrin. The data bear a resemblance to thoce

j of other investirators. Malone (1970), for instance, found

a higher convcrsicn of DDT to DDD by anchovy-gut ltactesria

—

than by fun;i isclated from thie same specimen. llo ex-
. planatlion was siven for this phononenor., but Bollag (1975)

hias conclndsd that, althcough tranc 2rmation cof Liopsli~ore

i
%ﬂmﬂ“\‘\h\u\\v“\m”‘\uwh o
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such as lignin, cellulose, and hemicellulose can be per-

formed best by fungl, pesticlde degradation is much more
limited in fungi than in bacteria. Present data however,
appear insufficlent for a statlstical opinlon on differences
in the cyclodliene degradation efficlency of non-filamentous
versus filamentous microorganisms. Similarly, the data are
inadequate for characterlizing the efficiency of the differ-
ent isolation systems and media.

Observations of samples from System B, Station OU
only hint at information which a more extensive study could
provide, Althoush a reduction of the original pesticide
concentraticn was shown, it could nct be attributed to
microblal srecies predominating at any particular time.
Mere disapoearance of pesticides does not reveal their
fate. icroorganisms can adsorb or absorb substrates with
or without degradation. Particulate matter or vessel walls
also can rerove pesticides by simple adsorption.

Work on marine fungi traditionally has been centered
on their eccnomic importance. Much has been done on the
role of marire fungi in wood and cordage rotting; far less
has been dore on other possible saprophytic or parasitic
roles in the seca. This situation has not improved cver the
last decade, Zacteria, for example, are known to cerve
as {ood for cther marine organisms, but this function has
only bezen aczwaed for fungi. It 1s kxnown, however, that
gging tungl lyse, releasing their supars, amino acids, and
vitanins to the cediment or water.

Initi=2lly, ths emnloyment of 7. »ylectrix 'n theco

=V
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studies vwas not based on high expectations since previous
work 1in thls laboratory had shown little versatility in the
nutritional requirements of several marine fungal speciec
(Sguros et al., 1972). Now, however, there is no doubt
that growth of Z. xylestrix is stimulated by minute con-
centrations of aldrin or dieldrin. This has been confirmed
repeatedly by various methods and under various conditions.
At first, 1t was believed that the organism was utilizing
the pesticic= in some nutritional manner, but fallure of

confirmatory experiments, particularly 14

C-labeled pesticide
analysss cast doubt on the type of interaction involved.
The first evidence that substrate assimilation was not
solely responsible for the "loss" of pesticides from the
medium apneared when cultures were disrunted during ex-
traction and aldrin and dieldrin recoveries increased by
10%. The crremise persisted that, since 20-30% of original
pesticicde (32 ug/ml) disappeared in 15 days incubation,
the usz of only 10 ug/ml of cyclodiene snould result in its
complete dicesvearance. Furthermore, it was believed that
increzasins zZlucose concentrations and inoculum size would
directl; affect pesticide recovery. It was reasoned also
that incrzased rates of pesticide assimilation or dis-
aprearznce cnould rarallel growth.

When tine-coursec experiments embodying these ideac
were performed, using shake cultures contzining 16 ug/ -l
of pesticide, 1t was found that the rate of uptake increascd

with time, but reccoveries were much higher than anticicatcd.

The proecence of rlucose appearcd lnccascguentiazl, as did

rafs
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inoculum size. In these studies, the term "uptake" (Harold,
1972) has been used to indicate the amount of substrate
removed from the medium, without reference to possible
transformations occurring during removal. Korte (1967)
has reported that a number of cyclodienes were metabolized
in inverse proportion to their concentration, but he was
investigating ascsimilation not bioconversion. Extensive
TLC analysis of Z. Xylestrix failed to demonstrate conver-
sion products that might have accounted for "lost" pesticide.
Subsequent labeled carbon analyses confirmed that the
pesticides were not being used as carbon sources. Since
the 1initial substrate concentration in these studies was
only 3 ug/ml, disappearance of less than half of the origirnal
activity argued against pesticide support of growth. Again,
glucose did not appear influential. These results, of
course, did not rule out the possibility that some of the
activity was lost by CO, evolution or incorporation into
cell lipid fractions.
¥hile migration rates of possible metabolites, shown
by radioautography of Z. xylestrix extracts, correlated well
with v=lues in the literature (Matsumura, 1968), chemical
characterization 1s now required before actual metabolism
can be confirmed. The photometric scanning which snowed
less than 15877 aldrin - less than 5% dieldrin - recovered as
more polar compounds may have been iraccurate since a
direct count of radiocautographic activlty was not made.
Hlowever, low indications of convcerzion rmay be the rule.

Matsumura (12<7%) found only a 5-10,5 degradation of 0.5 ug,/l
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dieldrin in 30 days, while Tu (1968) reported a 0.01%
conversion of 1 ug/ml aldrin to dieldrin. A relatively
high conversion of 12% of 20 ug/ml dieldrin in 10 days
with E. aercgenres has been obtailned by Wedemeyer (1968).

With reference to the observation that with aldrin a
higher proportion of metabolites occur than with dileldrin,
1t cannot be argued that the oxidized state of the pesticide
made it more suitable to microiial attack (Brooks, 1969).
Most investigators, however, found dieldrin to be more
persistent than aldrin and other chlorinated pesticides
(Chacho and Lockwood, 1966; Hill and lMcCarthy, 1967). The
unfortunate dieldrin contamination c¢f the orlginal suroly
of 1“C-aldrin, prevented categorization of our cultures
with the many life forms which have been reported to
epoxidize aldrin to dieldrin. Nevertheless, conversion of
aldrin to other products, without the involvement of diel-
drin, has besn reported (Korte, 1957).

It was not surprising that a more thorough extracvion
showed thzoi much of the origlrel pesticide has accumvlated

in the cellc, Interestingly, pesticicde accumulation in Z.

Xylectrix increased not only with a greater concentration

of vesticide in the medium, but also in direct prorortion
to total cell rmass; in turn, total cell mass increased
with a higher vesticide concentration. This m2y indicate
that the correct method of assessing accunulation will re-
gquire ocnec of the twe variables to be fixed, althsuzh this
probably doec aot% occur in nature,

It is ¢ssential to determine how much nesticide ‘¢




adsorbed to the cell surface and how much actually passes

through the cell membrane. Wheeler (1970) has concluded

that radloactive dieldrin was taken up by Chlorella pyvrc-

noldosa in increasing amounts up to a certain time after
which the label became more difficult to extract. This
suggested that therr was a distribution of the label among
less easlly extracted subcellular orgenelles and may have
explained why 10-15% of original pesticide was still un-
recovered even by the most exhaustive extraction procedure.

It seems obvious that thils regearch, particularly
that concerning Z. xylestrix, has posed more questions than
it has answcrcd. Although difficult techniques and time
limitations precluded satisfactory resolution of all pro-
blems evoked by the data, 1t 1s possible and desirable to
elaborate briefly in some of the more pertinent aspects.

Is the enhanced growth observed with Z. xylestrix real
or apparent? If it 1s not an artifact, what causes the
stimulation? There 1s no doubt that the mycelial wt or
Z. xylestrix increased in the presence cf aldrin or dieldrin.
This is not, however, an unprecedentcd observation. Dalton,
Hodkinson, and Smith (1970) conducted expcriments with
threc strains of aquatic Hyphomycetes and “~und that less
nan 2 ug/ml of DDT had no effect on the growth 2s deter-
mined by dry mycelial wt. FHigher insccticide concentrations,
hoviever, enhanced the growth rate. 1t was suggested that
the stimulatory effect could have bcen due to the use of
pecticide as a nutrient, to increcased permeability of fungnl

cell membrance to other nutriente, and/or to ivcrceced




metabolic rate because of a cofactor activity of DDT.
Foster (1949) has suggested that abnormal environmental
conditions provoke "deranged" or pathological behavior

in fungi. The inctroduction of pesticide 1s easlly en-
visloned as vossible abnormal environmental force. Mckenna
and XKallio (1964) have suggested that certaln hydrocarbons
stimulate tne endogenous respiration of test organisms
without thenmselves belng oxidized. These notlons lead to

a second question on whether metabolites found in carbon-

labeled anzlyses are the products of microbial metaboclism

or result from unsrecillc causes, such as photodecomposition.

The following cbservations provide evidence for a biologi-
cal process: (1) conversion products were not found in

the extensive control standards, (2) when comparing auto-
radiograms of Z. xylectrix with those of other microbial
isolates, the products obtained were not identical in all
cases, althcuzn some of them did show similar migration
values, (3) in general, reproducibility was found in nine
determinations cerformed with dleldrin and six with aldrin.
Grouped cultures and H medla isolates were examined only
once in this connection, but duplicate samples demonsirated
high precicion.

A puzzling aspect in Z. xylestrix was the lack of
correlaotion zmeng the various extraction procedures used,
e.g., whole culture chloroform extraction, with and without
insonration, versuc separate extraction of cell-free media
and wachced mycelia. The diversity of solvent systems and

pooticlilde oxtraction methods rezortrnd in the litcraturc
L 3
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8ll claiming recoveries of 85-95% (Mills 1972), made 1t
desirable to adopt a simple standard procedure thet could
be applied to as many samples as possible. Recoveriles
obtained from control preparations, with the internal
standard, were always consistent with accepted criteria
for excellence. Thus, disagreement between extraction
methods may have been due to factors in Z. xylestrix
cultures which interfered wlth recovery. Identification
of such factors was beyond the scope of thls research, but
the possible :1vole of Tween 80 in the recovery of accumu-
lated pesticide from fungal cultures cshould be investigated.
It is also recommended that the more thorough Soxhlet ex-
traction method be used in lieu of batch procedures for
any future pesticide experimentation involving Z. xylestrix.
Attempts to compare the efficlencies of the different
systems and medla were also beyond the scope of this study.
Similarly, because of the restrictive sample-handling
capacity of available equipment, all the 1solates could
not be screcencd for possible degradation activity. Therefore,
isolates werce screcned in the minimal medium (H) to select
microorganisrc with the greatest biodegradation capabili-
ties. <nese preliminary studles suggest that, where
gdaptaticn of microbial populations to pesticides can be
achieved bty vericdic enrichment, controlled laboratory
ecosystens rerrescent the most practical approcch. Wnen
this can be followed by enriciunent isolation of pesticidle-
tolerant microorganicms and screening for rotabolic action

bty radiclabelinr or othey gcimilarly cquivalent sencitive

goe
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technique, e.g., GLC with electron capture detector, a
fruitful investigation of microbial pesticlde degradation
wlll become pcssible.

Contamination of the environment with persistent
pesticides 1s a reality. The irreparable damage that may
result from the process of biological magnification and thec
decomposition of these chemicals into even more toxie
compounds has only begun to be assessed. This rescarch
was primarily concerned with establishing methods that
would facilitate the study of interactions between aldrin
and dieldrin and microorganisms 1sola ted from aquatic
environments.

Selection of microblal muiants from nighly contaminated
laboratory systems, 1t may be argued, could hardly resemtle

the process taking place in nature where coatamination seldom

t-de

s expected to react such levels. However, the fact that
these pesticides can be concentrated by microorganisms, as
well as by higher forms, to leva2ls many timcs above that
of the environment, may Jjustify the use of exaggerated
levels in laboratory systems.

—

On the other hand, the roie of Z. x lestrix in the
sea, may be more important than first estimated because of
nutritional characteristics. Are these marine fungi only
mineralizers or do they also serve as food for higher
forms? What are the consequenccs of autolysis, especialiy
after the fungus has accumulated large quantities of toxic

compounids from the environment? For exarple, Seba (1963)

found surface planktonic films in marine environments very

8‘2




efficient in concentrating persistent chlorinated pesti-

cldes, a situation that could parallel the concentrative

capabilities of Z. xylestrix. Inasmuch as thils role is

Just beginning toc be intensively studied, 1t seems clear

that the ability of Z. xylestrix to accumulate and chemical-

T P A

of the ocean.

%% l ly transform pecsticides, may be important in the ecology
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SUMMARY

1, Selected locations in surrounding fresh water canals,
the brackish Intracoastal Waterway, and the Atlantic
littoral zone were monitored for physical and chemical
conditions, including the presence of pesticide residues.
Levels of aldrin and dieldrin were less than 0.1 ppb in
most surface samples except for one fresh water canal which
contained 0.6 ppb dieldrin.

2. Microorganisms were 1solated using, variously, three
isolation systems and selective and/or enriched media. Of
160 isolates, 24 grew in & minimal nutrient medium, con-
taining nesticides, elther on primary isolation or after
adaptation from grc.ped cultures.

3. Deliberately mixed axenlc isolates also were screened
for pesticide interaction in media containing lL‘C-labeled
aldrin or dileldrin by TLC radiocautograms of whole culture
chloroform extracts. Small amounts of possible metabolites
were detected in most of the grouped cultuire extracts.
Spots apreared in definite patterns and thelr migration
values were cataloged.

4, Microorganisms growing in minimal nutrient media were
characterized partially uslng standard identification
methods. Il‘ost of the non-=filamentous orgarioms were Gram
negative, non-fermentative rods. Two of the filamentous

orgenisme were ldentified tentatively as Trichoderma sp.

and a third as a lonocillium sp.

5. Microbial zction on labeled pesticides was determined
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by TLC procedures on whole culture extracts. Selected

isolates alsoc were tested by quantitative GLC procedures.

Nelther TLC nor GLC analyses provided coumplete information
on the degradation potentials of the cultures.

6. Radiocautographic analyses of chloroform extracts of
whole cultures contalning luC—labeled aldrin or dieldrin
revealed decomposition products in the case of seven
organisms. Migration vaiues for some of these products
were ldenticzal to those 1n grcuped culture extracts.
Identification of the products was not possible by compari-
son with data in the literature.

7. One isolation system (Station O4, System B) was held
for several months in the laboratory. The level of pesti- .
cilde 1nitially added, as monitored by GLC and spectro-
photometry, decreased significantly, but attempts to
correlate this with observed microblal successions were

inconclusilve.

8. In general, isoiation from pesticide-enriched, labora-
tory-simulated ecosystems followed by labeled pesticide
screening, reprecented the best means of acquiring micro-
organlsms with degradative potential.

9. Cellulolytic Z. xylestrix, from the stock collection,
grew vwell in bvasal media at concentrations of aldrin or
dieldrin of 1C-250 ug/ml. Inhibition was complete above
500 ug/ml. aximal growth occurrcd in 10 days and was
unalfected by vrevious exposure to the pesticides.

10. ildgher yiclds of Z. xylestrix myceliar wt and cell

Il werc ottalrcd in nesticide-contaliaing media, with and

go




without glucose, thna with pesticide-free cultures. These
results 1ndicated that ug/ml ccnoentrations of pesticide
had stimulatory effects on Z. Xylestrix growth.

11. Quantitative analysis (GLC) of whole mycellal extracts
of Z. Xylestrix demonstrated a significant disappearance

of pesticide, but gqualitative analysis of the same extracts
by TLC, using various supperts and mobille phases, failed

to suggest decomposition products.

12. Radiocautographic analysis (TLC) of pesticide-contair-
ing Z. xylestrix demonstrated smell amounts of possible .
deccmposition products.

13. A better prccedure, using separate extractions for
washed mycella and cell-free media, demonstrated that Z.
Xylestrix achieved 2000-fold accunulations of pesticide.
The mycelial uptake of both aldrin and dieldrin increased
lincarly with thelr increasing concentrations in the medium.
14, Usually, 5-15¢% of the pesticide remained unaccounted

for in Z. xylectrix culture extracts using labeled and un-

labeled nesticides, at high or low concentrations, and with

different extraction procedures.

g
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APPENDIX I

ANALYTICAL FROCEDURE FOR ANALYSIS OF WATER FOR PESTICIDES

1

PRIMATE RESEARCH LABORATORY I

It 1s assumed that final TLC and microcoulometric
confirmation may be applied to supplement the inf'ormation
obtalned by electron capture detectlon. For thils reason
a larger sample 1s used than would be neceseary for E.C.
Dilution of an aliquot of the flnal extract for F.C,

GLC requires far less time than the extraction of another
sample.

. Transfer 3 L, of sample (or a lesser volume, if
indilicated) toc 4 L. sep. funnel and add 15C ml of 15%
ethyl cther/hexane.

NOTE: If, on the basis of prlor analysis of =
given waterway, the residue levels may be
expected to run high, a sample of one liter
may be indicated. In thic event, the size
of the sep funnel should be 2-litecrs angd the
extraction solvent volumes glven as 150 ml
should tec reduced to €0 nl. 1In further
connection wlith this reduction, the extract
should be Tiltered through the Nah
directly into the Kuderna-Danlish llaSK

instead of into a beaker (steps 4-3).

2. Stopper funnel and shake vigorously 2 minutes. Allow
layers to separate and draw off agueous layer into a
sccond 4 L. gep. funnel.

3. Add another 150 ml of 15% EE/hexane to the agueous

5

phase in see, furnel #2, stopper and shake vigorously
another 2 minutes.

. Preparc a Q-inch column of anhydrous, granular lia 804
in a 120 x 24 mm Tilter tube with 2 small wad of pre-
extracted glass wrool at the bottom., Position this
over a €20~ml beaker.

. Fllter the El/hexane extract in sep. funnel #1 through
the Hazfe) column into the heaker.

Adonted from: lanucl of Analytical Methods, Pesticide

Community Studice Natoratories, Primetce Fegscarch Laboratory,

Fnvironmmmtal pProtecilon Ageney, Iersine, Flocstda. 1971,
<

Vervailt cony of Lext does not coni'crn in style to rest of
report,
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6. Draw off the aqueous layer in sep. funnel #2 into empty
sep. funnel #l.

7. Add 150 ml of straight hexane to the aqueous solution in B
- . sep. funnel #1, stopper and shake again for 2 minutes. -3
Draw off and discard the aqueous layer. .3

8. Filter the solvent extracts 1n both sep. funnels through
the NapEQ0y into the beaker, rinsing down filter tube
with three 10 ml portions of hexane.

9. Place the beaker contalning the combined extracts in
a watcr bath adjusted to 70°C. and evaporate under a ‘
nitrogen stream to ca 250 ml. ) s

19. Prepare a Kuderna-Denlsh evaporation assemnbly conslsting
of 500 ml H~D flesk Citted with a 10 ml grad concentra-
tor tube containing one 3 mm glass bead.

11. Add ca 5 grams anhydrous NanSO) to the cooled solvent
extract in the beaker and distribute with a glass
stirring rod. Transfer the extract through a glass
funnel into the K-D flask rineing beaker witn three
10-ml portions of hexane applied with a pipet so
that the rinse stream can be easlly directed.

12, Attach a 3-ball Snyder column to the K-D flask, place
assembly in a boiling water bath and concentrate extract
to 3=4 ml.

13. Remove K-D assembly from bath, cool and rinse § joint
betwecn tube and flask with a small volwune of hexane
end adJust volume in tube to exactly 10 mnl.

q
1 14 Stonper concentrator tube and mix on Vortex mixer for
- 1 minute, .
:‘,
- GAS CHROMATOGRAPHY
The initial GLC determination will be conducted

using E.C. detectlon with the working columns and
onerating parsmeters in Section 4, B of this manual.

An exploratory 5 ul injectlon of the 10 ml corncentrated
extract should serve to inform the chromatographer of

the degree of dilution (if required) that nmay bc , 1
necessary to bring the peaks into a gquantirfiable range .
consistent with the linear range of the detector. wWhen

tnis has been determined, a 1 ml aliquot chould be

withdrawm from the 10 ml of extract,concentrated and
dilutcd with hexane in a volumetric flask or concentra- - 1
tor tube to an appropriate volume. -
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If the initial chromatogrom indicates the presence
of a sufficlient amount of interfering materials, 1t may
prove necessary to conduct & Florisil cleanup on the
extract. Based on the general experience of water
chemists, thls is rarely necessary on most surface

-water samples., If 1t should prove necessary, the
cleanup should be carried out as prescribed in Section
5 A (1), page 7 of thls manual., Arter thec cleanup,
another cxploratory injection is made followed by peak
identificatlions and quantitation.

The chromatographer must exercise his judgement
in determining from the information provided by E.C.
detcctlion whether further confirmation will be re-
quired to establish the ldentities of the compounds
as Indicated by E.C. Micrccoulometry and especially
thin layer chromatography should provide the tools
for most rositive identificaticns. The TLC technique
1s fully described in this manucl in Secction 12, B.
If the relative retention values ol gsusprect peaks by
E.C. match the values listed in the RR tables of
Section 4, B for any of the organovhosphate compounds,
final identirfication may te established by TLC or by
flame photometric detection, 1f availabie.
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